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ABSTRACT 

Hybrid missions t o  Descartes flown w i t h  a con t ro l -  
weight s p a c e c r a f t  are p o s s i b l e  throughout  t h e  J - m i s s i o n  t i m e  
per iod .  Missions t o  Marius H i l l s ,  Davy, Hadley and Copernicus 
wi th  a control-weight  s p a c e c r a f t  are n o t  f e a s i b l e  dur ing  some 
of t h e  w i n t e r  months. The f e a s i b i l i t y  of a mission i s  d e t e r -  
mined by a comparison of performance requirements  w i th  c a p a b i l i t y  
f o r  bo th  t h e  s e r v i c e  propuls ion  system and t h e  launch veh ic l e .  
With few excep t ions ,  i n f e a s i b l e  miss ions  exceed t h e  c a p a b i l i t i e s  
of bo th  t h e  SPS and launch veh ic l e .  

I n  a d d i t i o n  t o  t h e  c o n t r o l  weight  s p a c e c r a f t ,  a heav ie r  
model w a s  considered which inc ludes  an allowance f o r  growth and 
r e s u l t s  i n  a r educ t ion  i n  o p p o r t u n i t i e s  f o r  Marius H i l l s ,  Hadley, 
Davy and Copernicus. Descar tes  remains a c c e s s i b l e  throughout 
t h e  period d e s p i t e  t h e  increased  s p a c e c r a f t  weight.  

A l l  missions considered m e e t  t h e  DPS a b o r t  requirement  
on t h e  t r a n s l u n a r  t ra jec tory  and l and  on t h e  moon a t  a sun eleva- 
t i o n  between 5 and 1 4  degrees as w e l l  as s a t i s f y i n g  t h e  other 
J-mission o b j e c t i v e s  such as  a 54-hour luna r  s u r f a c e  s t a y  and 
36 l u n a r  o r b i t s  between LM a s c e n t  and T E I .  4 
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through 1 9 7 4  - Case 310 R. A. Bass 

MEMORANDUM FOR FILE 

Mission Planning for  t h e  J-mission series of f o u r  l u n a r  
landing  miss ions  r e q u i r e s  cons ide ra t ion  of p o s s i b l e  miss ions  from 
t h e  summer of 1 9 7 1  through t h e  end of 1 9 7 4  because of t h e  i n t e r -  
c a l a r y  SKYLAB program and t o  provide  f l e x i b i l i t y  t o  m e e t  p o t e n t i a l  
l anding  s i t e  assignment changes. Performance requirements  f o r  
each mission oppor tun i ty  determine t h e  f e a s i b i l i t y  of a p o t e n t i a l  
schedule .  Missions r e q u i r i n g  t h e  minimum SPS p r o p e l l a n t  w e r e  de- 
termined f o r  each monthly launch oppor tun i ty  throughout t h e  pe r iod  
of i n t e r e s t .  

Mission Assumptions 

The assumptions made i n  opt imiz ing  t h e  mission are de- 
t a i l e d  i n  t h e  Appendix. These assumptions comply wi th  t h e  c u r r e n t  
o b j e c t i v e s  f o r  t h e  J - m i s s i o n  series. Two weight  models w e r e  con- 
s i d e r e d :  t h e  c o n t r o l  weight s p a c e c r a f t  and a growth weight  space- 
c r a f t  (References 1 and 2 ) .  The t w o  weight models are given i n  
t h e  Appendix. 

The b a s e l i n e  launch v e h i c l e  used can i n j e c t  106,100 
pounds from a 90  n a u t i c a l  m i l e  e a r t h  o r b i t  t o  a t r a n s l u n a r  tra- 
j e c t o r y  wi th  an energy of -8.05 x 1 0  f t  /sec2 and main ta in  a 
f l i g h t  geometry r e s e r v e  of 32.8 f t / s e c .  
c a p a b i l i t i e s  f o r  s p e c i f i c  o p p o r t u n i t i e s  i nc lude  t h e  e f f e c t  of 
t r a n s l u n a r  e n e r g i e s  t h a t  d i f f e r  from -8.05 x l o 6  f t  /sec2 and 
t h e  seasona l  e f f e c t s  of wind and temperature  a t  launch. 

6 2  
Launch v e h i c l e  i n j e c t i o n  

92 

Non-free r e t u r n  t ra jector ies ,  which were cons t r a ined  t o  
be  w i t h i n  t h e  DPS abort  AV c a p a b i l i t y  t o  r e t u r n  t o  a f r e e  r e t u r n  
t r a j e c t o r y ,  w e r e  employed. A AV of 4 5  f e e t / s e c  w a s  budgeted f o r  
t h e  hybrid maneuver i n  determining t h e  p r o p e l l a n t  requirements  f o r  
each  mission oppor tuni ty .  Experience has shown t h a t  t h i s  method f o r  
g e n e r a t i n g  hybr id  t ra jec tory  performance requirements  i s  a c c u r a t e  
and r e s u l t s  i n  a s i g n i f i c a n t  sav ings  i n  r equ i r ed  computation t i m e .  

Recently MSC has proposed r e l a x a t i o n  of t h e  requirement  
f o r  t r a n s l u n a r  i n j e c t i o n  on a nominally f r e e  r e t u r n  t r a j e c t o r y  and 
s p e c i f y i n g  only  t h a t  t h e  t r a j e c t o r y  be a b o r t a b l e  t o  a f r e e  r e t u r n  
w i t h  an RCS maneuver up t o  f ive hours  a f t e r  i n j e c t i o n .  This  re- 
l axed  f r e e  r e t u r n  p r o f i l e  proposal  e l imina ted  t h e  hybr id  maneuver. 
The i n j e c t e d  weight  requirements p re sen ted  i n  t h i s  memorandum would 
be reduced by 450 l b s .  f o r  t h e  r e l axed  f r e e  r e t u r n  p r o f i l e .  
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The i n j e c t e d  weight requirement  f o r  a s p e c i f i c  oppor- 
t u n i t y  i s  der ived  by f i r s t  determining t h e  p r o p e l l a n t  requi red  
t o  accomplish t h e  requi red  propuls ive maneuvers w i t h  a p a r t i c -  
u l a r  weight model. The requi red  p r o p e l l a n t  i s  added t o  t h e  
i n e r t  weight of t h e  CSM, t h e  LM t o t a l  weight  and t h e  SLA weight 
t o  a r r i v e  a t  t h e  i n j e c t e d  weight requirement.  I f  t h e  p r o p e l l a n t  
r equ i r ed  exceeds t h e  tank capac i ty  of t h e  S M ,  t h e  mission i s  not  
f e a s i b l e .  I n  add i i ton ,  i f  t h e  r equ i r ed  i n j e c t e d  weight  exceeds 
t h e  launch veh ic l e  c a p a b i l i t y  f o r  t h a t  oppor tuni ty ,  t h e  mission 
is  i n f e a s i b l e .  

Resul t s  

The i n j e c t e d  weight  requirements  are compared t o  both 
launch veh ic l e  c a p a b i l i t i e s  and t h e  s p a c e c r a f t  weight  a t  i n j e c -  
t i o n  w i t h  f u l l  SPS p r o p e l l a n t  tanks  i n  F igures  1 through 4 .  

Two s p a c e c r a f t  l i m i t s  a r e  shown, one f o r  each weight 
model w i t h  f u l l  SPS p rope l l an t  tanks.  The v e r t i c a l  b a r s  i nd i -  
c a t e  t h e  range of i n j e c t e d  weight requirements  f o r  both weight 
models, t h e  l o w e r  value corresponding t o  t h e  c o n t r o l  weight  
model, t h e  upper f o r  t h e  growth weight model. The shaded areas 
a r e  shown t o  emphasize t h e  t i m e  dependence of t h e  performance 
requirements .  The d a t a  f o r  Descartes is  no t  included because 
it i s  a c c e s s i b l e  during every month w i t h  both weight  models. 
F e a s i b l e  launch oppor tun i t i e s  f o r  a l l  f i v e  si tes are summarized 
i n  Figure 5. 

I n  some cases ,  acceptable  o p p o r t u n i t i e s  are shown f o r  
months t h a t  r e q u i r e  p rope l l an t  exceeding t h e  tank capac i ty  of 
t h e  veh ic l e .  I n  t h e s e  cases ,  an e a r l y  r e t u r n  t o  e a r t h  from 
l u n a r  o r b i t  i n  t h e  event  of a LM rescue  was i n v e s t i g a t e d  and 
found t o  r e s u l t  i n  a f e a s i b l e  mission.  The o p p o r t u n i t i e s  desig-  
na t ed  by a s m a l l  t r i a n g l e  i n d i c a t e  t h a t  a mission may be flown 
if a d d i t i o n a l  launch veh ic l e  c a p a b i l i t y  i s  made a v a i l a b l e ,  
p o s s i b l y  by l i m i t i n g  t h e  al lowable launch azimuth range. I n  
s o m e  cases  both e a r l y  r e t u r n  and launch v e h i c l e  c a p a b i l i t y  i m -  
provement are necessary t o  produce f e a s i b l e  miss ions ,  f o r  
example, t h e  c o n t r o l  weight conf igu ra t ion  f o r  a November 1 9 7 1  
miss ion  t o  Copernicus. 

D. R. Anselmo 

%L R. A. Bass 

Attachments 
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APPENDIX 

MISSION DESIGN CONSTRAINTS, WEIGHT MODEL 

AND MISSION INDEPENDENT AV BUDGET 

1. Mission Desiqn Cons t r a in t s  

Only P a c i f i c  t r a n s l u n a r  i n j e c t i o n s  are cons idered .  

Launch azimuth = 7 2  degrees.  

. 40 HR < t r a n s l u n a r  f l i g h t  t i m e  110 HR. - 
40 NM - < p e r i l u n e  a l t i t u d e  of incoming hyperbola  - < 60 NM. 

. A non-free r e t u r n  t r a n s l u n a r  t r a j e c t o r y  is  used. Th i s  
type  y i e l d s  nea r ly  t h e  same LO1 AV requirements  as a 
hybr id  t r a j e c t o r y  and 45 f p s  has  been budgeted t o  cover 
t h e  hybr id  maneuver requirements.  

A DPS a b o r t  of less than 1980 f p s  is p o s s i b l e  e i g h t  hours  
a f t e r  pas s ing  pe r i lune  on t h e  t r a n s l u n a r  trajectory. 

A 60 NM l u n a r  parking o r b i t  i s  employed. 

The t i m e  i n  o r b i t  from l u n a r  o r b i t  i n s e r t i o n  t o  SPS descen t  
o r b i t  i n s e r t i o n  (DOI) is  24 hours .  

The CSM t a k e s  t h e  LM down t o  an a l t i t u d e  of 50,000 f t .  a t  
which p o i n t  t h e  LM begins i t s  descent .  

5 and 1 4  degrees .  
Sun e l e v a t i o n  a t  landing i s  cons t r a ined  t o  be between 

The l u n a r  s u r f a c e  s t a y  t i m e  i s  54 hours .  

The t i m e  i n  l u n a r  o r b i t  from CSM-LM rendezvous t o  t r a n s -  
e a r t h  i n j e c t i o n  i s  approximately 72  hours f o r  t h e  nominal, 
e a r l y  r e t u r n  occurs  a f t e r  e i g h t  hours.  

. 4 5  HR - < t r a n s e a r t h  f l i g h t  t i m e  - < 1 1 2  HR. 

. The r e t u r n  geographic i n c l i n a t i o n  i s  less than  40  degrees .  

. -35O - < e a r t h  landing l a t i t u d e  - < 35'. 

. -170° - < e a r t h  landing long i tude  - < -150O ( P a c i f i c  zone) .  

. The maximum mission du ra t ion  i s  1 6  days.  
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